SUMMARY OF THE INVENTION 
1. Field of the Invention 

The invention relates to a device for connecting movable parts 
with structural components of airplanes or the like, including at 
least one fitting provided with at least one bearing. 

The device according to the invention is applicable for 
airplanes, helicopters and other aircraft as well as for other 
vehicles such as, e.g., high-speed ships or high-speed cars. The 
term "movable parts" serves to denote, in particular, spoilers, 
landing flaps, control surfaces or the like, which are required to 
control an airplane or the like and to assist in the take-off, 
landing and moving procedures. Spoilers are interference flaps 
provided on the rear upper sides of the wings of airplanes, which, 
on the one hand, serve as braking flaps during landing and, on the 
other hand, also assist the aileron if used asymmetrically. 

The spoiler produces a resistance which destroys part of the 
ascending force. The term "structural components", above all, 
encompasses the airfoils of airplanes or the like. The invention 
is, however, also applicable to helicopters, in which the wing is 
formed by a rotor blade including movable control flaps. 

2 . Prior Art 

Movable parts such as spoilers, landing flaps, control 
surfaces or the like are usually connected with fittings made of 
metals such as, for instance, aluminum or titanium alloys. The 
connection of the fittings with the movable part in most cases is 
realized by the aid of rivets or detachable screw connections. The 
fitting includes at least one bearing via which the movable 
connection with the structural component such as, for instance, the 
wing, is effected. Since extremely high loads act on the movable 
parts and hence the fittings of, in particular, an airplane, these 
must be especially stable. The fittings, which are mostly made of 
the materials mentioned by forging or milling, are very expensive 
in terms of production. In order to lower fuel expenses, it is 
constantly aimed to further reduce the weight of airplanes or the 
like. By producing various components and also spoilers, landing 
flaps, control surfaces or the like of synthetic materials and, in 
particular, composite materials, a considerable reduction of the 
weight of such airplanes or the like has already been reached. The 
interface between a part made of a synthetic material and a fitting 
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made of a metal is subject to undesired dynamic effects due to 
different thermal expansions of the components. With the materials 
usually used in aircraft technology, this problem is particularly 
evident, since composite material have negative temperature 
coefficients, while aluminum or titanium alloys have positive 
temperature coefficients. On account of the particularly high 
temperature deviations of between about -7 0° and +80° faced 
primarily in aviation, accordingly high shearing forces act on the 
connecting elements between such synthetic components and metal 
fittings. As a result, a higher number of connecting elements like 
screws or rivets must be provided. Usually, even one third of all 
connecting elements is employed merely because of the shearing 
forces caused by different thermal expansions. In addition to an 
increased complexity and elevated costs, the higher number of 
connecting elements also involves higher weights. 

US 4 213 587 A discloses an articulated connection between 
flaps and structural components, which is comprised of a fitting 
anchored in the structural component and screwed therewith and a 
bearing pin anchored in the movable part. Due to the different 
thermal expansion coefficients mentioned above, undesired stresses 
occur between the fitting and the structural component as well as 
the fitting and the movable part. Moreover, the anchorage and 
assemblage of the fitting parts with the structural component and 
the movable part are very cumbersome with the respective parts 
exhibiting high weights. 

Also US 5 098 043 A discloses a movable connection between an 
wing and a control surface, in which a fitting is connected with 
the flap via structural components provided in the control surface 
and is rotatably mounted on the wing via a pin. The aforementioned 
problems faced by different thermal expansions and the weight 
involved apply also in that case. 

A connecting means used to connect a movable flap with a rotor 
blade of a helicopter is described in DE 199 09 2 57 Al, wherein the 
flap is connected with the rotor blade or wing via a torsionally 
elastic and deflection-resistant rod element. The connection 
between the rod element and the wing or the flap, respectively, is 
realized by means of an adhesive and/or by screws. The torsionally 
elastic and deflection-resistant rod element advantageously is made 
in one piece of a glued fiber composite material. Such a 
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torsionally elastic and deflection-resistant rod element, however, 
allows for only slight movements of the flap relative to the rotor 
blade, which would be too small for the application of spoilers or 
landing flaps or the like in aircraft. 

US 4 243 189 A shows a temperature-compensated connection 
between a wing and an elevator, which is comprised of different 
materials having different thermal expansion coefficients. The 
different expansion values are compensated by the arrangement of 
articulately connected supports. The construction is, however, very 
complex and also unable to avoid the problems involved in the 
connections of the supports with the airfoil or the elevator. 

EP 532 016 Al describes a spoiler for the wing of an airplane, 
which comprises fittings that are connected with the spoiler in a 
manner so as to minimize the shearing forces. That connection is 
achieved by a special geometric configuration of the attachment 
surfaces of the fittings as well as the lower side of the spoiler, 
to which the fittings are fastened. 

DETAILED DESCRIPTION OF THE INVENTION 

It is, therefore, the object of the present invention to 
provide a device of the initially defined kind, for connecting 
movable parts with structural components of airplanes or the like, 
which is able to reduce or avoid the drawbacks caused by the 
thermal expansion of known devices and which, in addition, offers a 
low weight, a loading capacity as high as possible and a 
producibility as simple as possible. Moreover, the device is to 
exhibit good long-duration properties. 

In accordance with the invention, this object is achieved in 
that the at least one fitting is made of a synthetic material, 
preferably a composite material, and glued with the movable parts. 
Thus, a low weight of the fitting itself is obtained, on the one 
hand, and a slight difference between the thermal expansion of the 
fitting and the thermal expansion of the movable part is 
safeguarded, on the other hand. By the present invention, the 
material interface between synthetic material and metal is 
accordingly shifted from the connection between movable part and 
fitting into the bearing. The bearing usually is designed as a 
movable or fixed bearing combination and better apt to absorb 
thermal stresses. Due to the reduced thermal expansion differences, 
the demands set on the connection between the fitting and the 
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movable part are accordingly smaller, whereby the number of 
connecting elements and hence also the weight may be reduced. In 
addition, the expensive and complexly designed, usually forged or 
milled, fittings of aluminum and titanium alloys are no longer 
required. Besides, components made of synthetic materials exhibit a 
higher corrosion resistance than metal parts. 

According to another characteristic feature of the invention, 
it is provided that the fitting is made of the same material as the 
movable part. As a result, both the movable part and the fitting 
exhibit the same thermal expansion, thus avoiding shearing forces 
acting on the connecting elements of the fittings with the movable 
part . 

Although it is aimed to do without any additional connecting 
elements, further connecting elements like rivets or screws may be 
provided beside the glued joint to back the connection between the 
movable part and the fitting. Yet, only a smaller number of such 
connecting elements is required as compared to conventional 
devices, since, as already mentioned, shearing forces do not act on 
the connecting elements between the fitting and the movable part 
and, therefore, need not be taken into consideration. Consequently, 
savings to as much as half of the usual number of connecting 
elements are feasible. 

According to a further characteristic feature of the 
invention, it is provided that the fitting is made of a synthetic 
material according to the resin transfer molding (RTM) -method. This 
production method renders feasible the formation of complex three- 
dimensional components having special properties. The resin 
transfer molding technique offers advantages in view of 
conventional production methods, employing an autoclave to solidify 
the prepreg material. US 6 136 236 A, for instance, describes a 
method for producing components of composite materials according to 
the resin transfer molding method. Also DE 195 36 675 CI describes 
a device and a method for producing large-surface components 
according to the RTM-method. 

Advantageously, the fitting comprises a carbon fabric as a 
reinforcement means. Carbon fibers offer advantages in terms of 
weight and strength properties. 

If reactive materials such as, e.g., nylon, are sewed or woven 
into the carbon fabric, certain properties such as strength or 
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impact strength will be enhanced. The carbon fabric used may, for 
instance, be interwoven with nylon and the nylon material can 
dissolve after the addition of resin so as to enhance the impact 
strength. 

If an indentation is provided in the movable part, the fitting 
is preferably arranged in said indentation and glued with the 
movable part. In this manner, short fittings may preferably be 
connected with movable parts. The gluing between the fitting and 
the movable part may be effected in places or over the entire 
contact surface. 

Similarly, the fitting may be arranged in a recess provided in 
the movable part and glued with the same. The recess has a shape 
complementary to the fitting and optimally encloses the fitting 
arranged therein, thus offering a perfect support. 

In order to provide for an even further enhanced support, the 
fitting is preferably arranged between an upper and a lower 
covering layer of the movable part and, preferably, also glued with 
the same. The covering layers advantageously are made of a fiber- 
reinforced fabric, while the component located therebetween may be 
a light-weight component, for instance a honeycomb core. 

According to a further characteristic feature of the 
invention, it is provided that the fitting and the movable part are 
produced in one piece. This is readily feasible, in particular, 
with small movable parts and, in particular, according to the RTM 
method, wherefore the connecting parts between the fitting and the 
movable part are obviated completely and also the shearing forces 
caused by thermal stresses are eliminated. 
BRIEF DESCRIPTION OF THE DRAWINGS 

In the following, the invention will be explained in more 
detail by way of the annexed drawings. Therein: 

Fig. 1 is a top view on a wing of an airplane; 

Fig. 2 is a perspective view of a wing component according to 
the prior art; 

Fig. 3 elucidates the principle of the resin transfer molding 
method; 

Fig. 4 is a perspective view of a fitting produced according 
to the invention and including a joint; 

Fig. 5 is a perspective view of another embodiment of a 
fitting comprising two alloys and a cylinder hinge point; 
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Fig. 6 is a perspective view of a spoiler variant including a 
fitting according to the invention embedded therein; 

Fig. 7 is a sectional illustration of the spoiler according to 
Fig. 6 along line VTI-VII; 

Fig. 8 is a perspective explosive view on a spoiler having an 
integrated fitting; 

Fig. 9 shows the spoiler according to Fig. 8 in the assembled 
state; and 

Fig. 10 is a sectional illustration of the spoiler according 
to Fig. 9 along line X-X. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Fig. 1 depicts a wing 1 of an airplane, viewed from top. On 
the rear side of the wing 1 are arranged various movable parts like 
spoilers 2, landing flaps 3, slats 3' and control surfaces 4, which 
are required to control the airplane. 

Fig. 2 is a perspective view of a movable part, for instance a 
spoiler 2, which is connected with the wing 1 in a pivotal manner. 
To the spoiler 2 are fastened several fittings 5 via rivets 6 or 
the like. On account of the relatively high loads exerted on the 
spoiler 2, in particular during the landing of an airplane, and 
also the thermal stresses mentioned, a relatively large number of 
rivets 6 is required to connect the fittings 5 with the spoiler 2 . 
The fittings 5 contain one or several bearings 7 for the 
articulated connection with the wing 1. Besides the bearings 7, 
also articulation points 8 are provided to introduce the movements 
of the spoiler 2 at the fittings 5. The fittings 5 are usually made 
of aluminum or titanium alloys by way of forging or milling. Their 
production is accordingly cumbersome and expensive. Similarly, the 
weight of the fittings 5 and of the connecting elements such as, 
e.g., rivets 6 is relatively high. Due to the different thermal 
expansions of the spoiler 2, which in most cases is made of a 
composite material, and of the fittings 5, which are made of a 
metal, high shearing forces act on the connecting elements like 
rivets 6, wherefore an even higher number of connecting elements is 
required. 

Fig. 3 elucidates the principle of the resin transfer molding 
method (RTM) , in which dry fibers 9 are introduced into a mold 10 
corresponding to the article to be produced. The air can be sucked 
off the mold 10 via appropriate ducts 11. This enables the special 
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resin supplied through a supply duct 12 to better get into the mold 
and intersperse the fabric 9, at a relatively low viscosity. The 
mold 10 is subsequently heated in order to further lower the 
viscosity of the resin and ensure an undisturbed flow of the resin 
into the mold 10. After this, the resin impregnating the fabric 9 
solidifies. According to the RTM method, complex articles are 
readily and rapidly manuf acturable at relatively low costs. 
Optional reactive materials sewed or woven into the fabric 9 can be 
readily introduced into the mold and develop certain properties 
during the introduction of the resin. Thus, it is, for instance, 
possible to dissolve, by means of the resin, nylon interwoven with 
the fabric 9 and thereby enhance the impact strength of the article 
produced. 

Fig. 4 illustrates a fitting 5 according to the invention 
produced of a composite material according to the RTM method. The 
fitting 5 is equipped with a bearing 7 and comprises attachment 
surfaces 13 for connection with the movable part such as, e.g., 
spoiler 2. The connection with the movable part is effected by 
gluing and optionally additional connecting elements like screws or 
rivets. In addition, reinforcement structures 14 may be provided in 
the fitting 5 to enhance the strength of the fitting 5 without 
substantially increasing its weight and volume. 

Finally, Fig. 5 depicts another embodiment of a fitting 5 
comprising two bearings 7 and an articulation point 8 as well as 
some reinforcement structures 14. 

In particular, in the event of small movable parts such as, 
e.g., spoilers 2, these may be manufactured simultaneously with the 
production of the fitting 5 in one procedure, preferably according 
to the RTM method. By RTM method, the properties of the 
manufactured component can be readily adjusted, optimized and tuned 
to the respective application. By changing the fiber direction of 
the fabric, mechanical properties may, for instance, be adjusted or 
optimized. The present invention stands out for its low weight, 
high loading capacity and relatively simple producibility . 

From Figs. 6 and 7, a variant of a spoiler 2 comprising an 
embedded fitting and intended, in particular, for airplanes is 
apparent, which spoiler 2 has an indentation 19 in which the 
fitting 5 is embedded and fastened by gluing. This variant is 
characterized by a particularly short fitting 5, resulting in a 
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relatively low overall weight. Gluing between the fitting 5 and the 
spoiler 2 may be realized only on parts of the contacting surfaces 
between the fitting 5 and the spoiler 2 or over the entire 
contacting surface. 

Figs. 8 to 10 illustrate a further variant of a spoiler 2 
intended, in particular, for airplanes, in which the fitting 5 
produced according to the invention of a synthetic material is 
integrated in the spoiler 2 and glued therewith. Fig. 8 shows the 
basic structure of a spoiler 2 made of a composite material and 
comprising a lightweight core 15, for instance a honeycomb core, 
which is covered by an upper covering layer 16 and a lower covering 
layer 17, preferably of impregnated fiber fabrics. The lighweight 
core 15 has a recess 18 corresponding to the size of the fitting 5, 
into which the fitting 5 is inserted prior to the assemblage of the 
spoiler 2 by gluing of the lightweight core 15 with the covering 
layers 16 and 17, and is preferably glued both with the lightweight 
core 15 and the covering layers 16, 17. This variant of a wing 
component is characterized by a deeper fitting 5 and hence larger 
weight, yet withstands higher loads. 



